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INTRODUCTION 
Machining operations are of great importance in various industrial sectors such as automotive, oil and gas, electronics, 
medical and many more since they are widely applied in the manufacture of industrial parts by material removal process. 
During the metal cutting process, there is direct contact occur between the cutting tool and the workpiece. As a result, the 
friction occurred give a rise in higher temperature that leads to poor cutting tool life and higher surface roughness at a 
faster rate. Hence, lubrication is crucial to reduce the existence of heat in high temperature produced during the process 
[1]. Lubricant oil is extensively used in the machining process due to its capability to lubricate the cutting process, cool 
down the cutting tool and flush away the chips from the cutting zone [2]. 
Since then, lubricant oil has been used in the industry to improve machinability in metal cutting process. Traditionally, 
flood coolant or wet machining has been widely utilized in the machining process with continuous flow of lubricant oil 
to the workpiece and the cutting tool without considering the amount or quantity needed as long as it is spattering adequate 
amount of fluid on the workpiece. However, it has been reported that by applying an excessive amount of lubricant oil, 
the manufacturing cost raised as well as the negative impact on the occupational health and environment hazards [3]. The 
rising of machining cost has been resulted due to the higher usage of flood coolant in the machining operation. It has been 
recorded that 17% from the total machining cost is used for lubrication which include the maintenance and disposal of 
excessive lubricant oil. On the other hand, persistent exposure to the lubricant oil can cause severe health hazards such as 
variety of respiratory disorders including occupational asthma, loss of lung function and skin disease such as irritation 
and skin cancer [4].  
Here, Minimum Quantity Lubrication (MQL) has been implemented. MQL is a lubricating method which consists of 
mixture air pressure and lubricant oil in the form of an aerosol nozzle applied onto the cutting zone. This mist lubrication 
reduces the friction between cutting tool and the workpiece by forming a thin film of lubricant at the cutting zone with a 
flow rate range of 30 mL/h [5]. Hence, the quantity of oil being used is very little compared to the traditional flood 
coolant. Conventionally, during the machining process, MQL can be delivered by two ways namely an external and an 
internal feed systems. External feed systems used a coolant tank to store a coolant and several tubes with their own nozzles 
that mounted to the tank which can be connected anywhere around the machine or on the machine itself. This system 
used self-sufficient adjustable air and lubricant flow to ensure considerable amount supply of coolant during the process 
[6]. Besides, an atomizer is utilized to formulate the aerosol and convey it externally to the machining cutting region as 
shown in Figure 1. In addition, this external system is more efficient, beneficial and technically suitable for all machining 
operations. On the other side, in an internal delivery system, cutting fluid can be distributed precisely onto the cutting 
zone area by mixing up the air and lubricant inside the nozzle and sprayed to the machining zone through a specially 
fabricated single or dual channels as illustrated in Figure 2. Spindle, tool revolver and tools internal cooling passage are 
ABSTRACT –  Minimum Quantity Lubrication (MQL) is a great alternative lubricating and cooling 
environment method that has been widely used to replace the conventional flood coolant which 
brings drawbacks involving environmental awareness, human’s safety and health and 
manufacturing cost. Taking into account the recent trends, this review paper describes a summary 
of the research journals reviewed previously MQL  in various machining operations involving 
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described the use of vegetable oils which helps in maintaining the environmentally friendly 
machining. Also, the aided of nanofluid particles and hybrid environment in MQL application 
conversed the outstanding efficiency in machining performances as compared to that conventional 
flood lubrication technology. Briefly, this paper have shown the proficiency of eco-friendly MQL 
approach in improving the performance of machinability such as reducing the surface roughness 
of workpiece, increase of tool life and also reducing the cutting temperature that leads to a 
sustainable machining environment in the future work.  
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operated to distribute the cutting fluid [7]. As compared to external delivery system, dispersion is hardly to achieve as the 
feed nozzles could not be modified.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. MQL external delivery systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. MQL internal delivery systems. 
  
MQL has been developed as a better alternative approach in the machining process as it is proven in reducing the cost 
consumption [8] and occupational health hazards as well as meeting the environmentally friendly requirements [9]. Lower 
consumption of lubricant oil during the machining operations leads to reduction of the occupational health hazards, which 
then simultaneously gives an environmentally friendly effects in the machining process [10]. Furthermore, it also 
minimizes the environmental impact by significantly decreasing the fluid usage and reducing the manufacturing cost in 
terms of the excess lubricant oil waste disposal and treatment [11]. Therefore, MQL is proven as a great replacement for 
conventional flood cooling because of the considerable economic benefits as well as the great performance of machining 
such as the improvement of cutting tool life and surface finishing.  
 
MQL IN MILLING PROCESS 
Mahmood et. al [12] has analyzed MQL application to improve the performance of machinability on AISI 4140 steel 
under milling process. By using uncoated carbide tool and varying the machine parameters such as cutting speed, table 
feed and depth of cut, they have evaluated the cutting force, surface roughness of the workpiece and the flank wear. A 
slight improvement of surface finish has been achieved with 150 mL/h MQL flow rate of VG 68 cut cutting oil under 
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varies of cutting speed. Besides that, lower cutting force has also been obtained which contributed to reduction of built-
up edge (BUE) formation during the operation. They also concluded that flank wear has also been reduced under MQL 
application which subsequently increased the tool life. Another researcher has implemented MQL condition to attain 
better surface roughness compared to flood condition under milling operation of Inconel 718 alloy [13]. By fixing the 
flow rate of 90 mL/h of vegetable-based oil, a better tool life has been improved. This could be clarified due to its better 
cooling and lubrication performance at the tool-chip and tool-work piece interface. However, while the oil mist of MQL 
has been proven to enhance the machining efficiency, the tiny droplets of oil mist also easily evaporates thus can reduce 
the lubrication performance during the machining process. Therefore, the most challenging part in applying the MQL 
system is to properly supply the lubricant oil to the cutting zone to make sure it provides sufficient lubricating effects for 
better surface finishing. 
Nihat et. al [12] investigated the role of concentration of MQL lubricant oil on the surface roughness in milling 7075-
T6 aluminium alloy. Boron oil was mixed together with water under ratio of 9:10 and 1:10 to observe the surface quality 
of the workpiece. They concluded that with ratio of 1:10 concentration, better penetration of cutting fluid into the cutting 
zone could be performed and thus a better surface quality of the workpiece could be achieved.  It was also observed that 
MQL produced better outcome under lower cutting speed and lower cutting depth [13]. They examined synthetic water 
soluble type of oil on the mild steel and resulted lower surface roughness with value of 0.95 µm. Kuan et. al [14] reported 
the formation of burrs at the edge of workpiece could be reduced by applying MQL in the milling process. Futhermore, 
with rate of 7.5 mL/h LB-1 vegetable oil penetrate onto the cutting region, lower surface roughness could be obtained 
with range of 0.1 µm and 0.2 µm. Reduction of tool flank wear which leads to the improvement of tool life also could be 
attained with the application of MQL.  
The use of nanoparticles along with MQL were also recommended by many researchers to enhance the performance 
of machinability. Alper et. al [15] has added 1wt% of MoS2 particles into the Eraoil 2000 commercial vegetable oil to 
examine the tool wear and surface roughness of AISI 420 martensitic stainless steel in milling operation. From the results, 
it was found out that the tool wear has been reduced by 16.8% and 19.9% with MQL nano MoS2 particles compared to 
MQL condition under 20 mL/h and 40 mL/h respectively. This could be explained due to lubrication effects of nano MoS2 
particles that reduced the friction in the cutting zone area. Other than that, surface roughness was achieved as lowest as 
0.8644 µm in MQL nanofluid condition at 40 mL/h flow rate as a result of more mixture of air pressure and lubricant oil 
penetrating the cutting zone. Recent report [16] revealed that the addition of MWCNTs nanofluid particles into the MQL 
condition could improve the performance of flank wear and surface finishing of Inconel 718 under milling process. The 
presence of nanofluid particles enhanced the cooling and lubrication properties which improved lubrication and wetting 
properties of the rake and flank regions. 
Another series of experiments using MQL technology were utilized by adding hybrid nanoparticle water based-
lubricants into the MQL solution [17]. They used graphene oxide (GO) and silicone dioxide (SiO2) hybrid nanoparticles 
to surpass the tool wear progression and surface roughness of AISI 304 stainless steel. As a result of these experiments, 
it showed that GO:SiO2 hybrid nanoparticles water-based MQL reduced the surface roughness of the workpiece compared 
to MQL condition. Besides, they also concluded that a greater tool life could be obtained when GO:SiO2 were added into 
the MQL lubricant oil. Alborz et.al [18] conducted milling operations of Inconel 718 alloy by using MQL, cryogenic and 
hybrid cryogenic environments. Hybrid cryogenic environment was found to be the best condition in achieving higher 
tool life with 50% better than MQL and 33% better than cryogenic environment. The heat from the cutting zone area has 
been reduced constructively due to the presence of liquid nitrogen (LN2) in hybrid environment thus tool wear progression 
has been decreased. In addition, surface roughness of the workpiece was resulted as low as 0.4 µm in hybrid MQL 
environment. 
Kyung et. al [19] machined Ti-6Al-4V titanium alloy using both MQL and nanofluid MQL technique, where a mist 
of rapeseed vegetable oil and addition of exfoliated graphite nano-platelets (xGnP) particles were sprayed into the cutting 
zone to evaluate the tool wear progression of uncoated carbide insert. They concluded that nanofluid MQL technique 
showed the greatest performance of tool wear as the smallest flank wear was 0.153 mm at flow rate of 9 ml/min. The 
existence of xGnP particles into the MQL lubricant played the crucial aspect to diminish the friction occur between the 
tool and the workpiece hence improve the quality of surface finishing and tool life.  
MQL IN TURNING PROCESS 
The great performance of MQL in machining operations has also been explosively justified by its efficiency in turning 
process. Yazid et. al [22] has proven MQL to be a surpass alternative lubricating method being applied onto the cutting 
zone with a flow rate range of 50 mL/h  to ensure the superior penetration with very little amount of lubricant oil. They 
have successfully implemented MQL in reducing the surface roughness under turning process of Inconel 718 alloy. Sunil 
et. al [23] utilized the MQL application to improve the surface quality of Inconel 718 alloy using PVD TiAlN coated fine-
grained high cobalt carbide as the cutting tool. They also evaluated the effect of varying cutting parameters on the surface 
quality performance of the workpiece material. The best surface roughness was obtained at 0.91 µm with medium cutting 
speed and feed rate. Futhermore, a slight improvement of 12% to 17% smoother surface finish has been achieved with 
the utilization of MQL.  
Patole et. al [24] has conducted MQL turning experiments on AISI 4340 alloy steel by adjusting certain machining 
parameters such as cutting speed, feed rate and cutting depth. Factors such as surface roughness and cutting force were 
taken as the response parameters for the experiments. From the analysis, it can be concluded that MQL gave better 
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outcomes in terms of surface roughness and the cutting force under lower optimal cutting parameters with the lowest feed 
rate at 0.04 m/min, cutting speed at 75 m/min and cutting depth at 1 mm. Apart from that, Rabesh et. al [25] examined 
MQL in their research work by adding graphene nanoplatelets (GnP) as nanofluid particles into the lubricant oil. AISI 
304 steel was chosen as their work material and uncoated cemented tungsten carbide as the cutting tool. A minimum 
value of cutting temperature could be recorded due to the high concentration of graphene nanoparticles in the MQL base 
fluid. Other than that, the reduction of surface roughness could also be recorded in their research work. 
There were also studies involve nanofluid particles being added into the MQL lubricant oil to enhance the performance 
of turning process. Previous work by Musavi et. al [26] has added nano-silicon oxide (SiO2) and nano-copper oxide (CuO) 
as nanofluid particles to improve the surface roughness of A286 superalloy under turning operation. Crucial improvement 
has been observed to the surface roughness of the workpiece with slightly improvement of 23% and 26.5% under 
MQL+SiO2 and MQL+CuO respectively. Better surface quality could be achieved when CuO was chosen compared to 
SiO2 because better lubrication property occurred due to the spherical morphology of copper-oxide nanoparticles. Shuang 
et. al [27] conducted an investigation on the performance and mechanism of graphene oxide (GO) nano  fluids in turning 
Ti-6Al-4V titanium alloy. The results showed that less scratch of surface topography has been formed on the workpiece 
hence 27.51% lesser of surface roughness has been recorded compared to conventional flood cooling condition. 
Nonetheless,to increase the penetration capability of the oil mist through the cutting zone, sufficient amount of oil utilized 
by MQL machining operation must be fundamentally considered to analyze the lubricating mechanism onto the cutting 
zone.This is to ensure that a proper selection of process parameters under MQL has been properly taken care of to provide 
good surface roughness, reduce the tool wear and maintaining the cutting forces during the machining. 
A study of parametric optimization of MQL in turning of AISI 4340 alloy steel using nanofluid has been reported to 
examine the surface roughness by varying the flow rate, pressure and type of nanofluids particles using the ANOVA and 
Taguchi method of analysis [28]. From the analysis, cutting fluid (nanofluid) was found to be the most contributing factor 
followed by flow rate in producing lower surface roughness under MQL nanofluid application. In addition, there has been 
a great improvement on surface roughness of AISI 431 stainless steel under turning operation when boric acid powder 
was added as nanofluid particles, as reported by Mahadi et. al [29]. The surface roughness has been improved by 7.21% 
with boric acid aided into palm kernel vegetable oil as the properties of boric acid that has lower coefficient of friction. 
Also, the transfer of heat at the cutting zone has been increased due to the higher thermal conductivity of boric acid 
powder. Therefore, the cutting temperature of the operation has been reduced that leads to a better tool life progression. 
Cagri et. al [30] has revealed that the addition of hexagonal boron nitride (hBn) nanoparticles into the MQL lubricant 
oil could enhanced the surface quality of nickel-based Inconel 625 and also developed a better tool life of PVD TiAlN-
TiN coated cemented carbide cutting tool. 0.5 vol% and 1.0 vol% of hBn nanoparticles were experimented in this 
condition to analyze the parameters evaluated. It could be seen that the lowest tool life could be obtained with 1.0 vol% 
hBn nano MQL. This is due to the fact that the cutting oil viscosity has been increased by the excess of hBn concentration. 
Thus, the lubrication efficiency has been reduced as the cutting oil cannot interfere with the tool-chip interface. Therefore, 
a lower ratio of hBn concentration nanoparticles could be used instead. On the other hand, the best surface quality of the 
workpiece could be achieved in 0.5 vol% of hBn nanoparticles because the cutting fluid could penetrated better into the 
cutting zone. Moreover, Anuj et. al [31] has suggested hybrid nano-MQL cutting fluid as a better alternative of lubrication 
method in turning AISI 304 steel. They have proved that the lowest values of cutting force and surface roughness with 
110.20 N and 0.953 µm could be achieved respectively.  
MQL IN DRILLING PROCESS 
In drilling process, the accretion of heat commonly occurred at the final step of machining due to the formation of 
build up edge as the cutting tool furthered deeper into the workpiece and thus affected the surface quality at the exit hole. 
However, the utilization of MQL minimized the burr formation at the exit hole surface for the drilled holes due to 
enhanced heat transfer of the cutting fluids into the contact zone [32]. Besides, build up edge formation at the cutting 
edge and tool wear performance also has been improved that leads to produce good surface quality. Further study on the 
formation of burr in exit hole surface was also done by Rahim et. al [33] where they found that the burr formation and 
burr height has greatly decreased due to the reduction of torque and thrust force of drilling occur in applying MQL 
technique. Tool wear rate also has been improved by using palm oil as the an alternative to traditional lubricant oil in 
MQL. Different types of natural biodegradable provides different viscosity which resulted in cooling effect and surface 
finishing of the workpiece. It has been proved that in high speed machining, low viscosity oils provide better coolant 
effect and better surface roughness with longer tool life [34]. Similar findings were also found that low viscosity oils can 
enhance the tool life performance with lower cutting force and cutting temperature during the machining process [35]. 
This matter can be clarified if the behaviour of MQL lubricant oil during the machining process is properly observed. 
There is no doubt that the MQL machining parameter in drilling process also plays a great role in enhancing the 
lubricating effect on the surface finish quality of drilled material. High flow rate and high pressure were recommended 
by Nithin et. al [36] for better lubrication penetrated onto the cutting zone area. Other than that, MQL environment has 
proven to show significant effect on the thrust force compared to flood cooling and dry machining environment which 
decreased the burr formation at the drilled hole surface. A similar finding has also been studied by Beatriz et. al [37] 
where they varying the machining parameters in MQL drilling operation of magnesium alloy. The factors selected are 
feed rate and cutting speed and it resulted that the most improved surface roughness has been obtained at high cutting 
speed with lower feed rate.  
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Basically, the cutting tool condition affected on the surface roughness of the workpiece. This has been reported by 
Ahmad et. al [38] where they investigated the effect of cutting tool coating during MQL drilling of austenitic stainless 
steel using refined palm olein oil as the lubricant oil. Two types of tool coating i.e. TiAlN and TiSiN tungsten carbide 
drill were used in their experiment. To conclude, drilling of MQL using TiSiN coated carbide tool produced better result 
of the tool life. Meanwhile, the best result of surface roughness of the workpiece has been recorded by TiAlN coated tool. 
Also, the tool condition (new or worn tool) could be another factor that affects the surface roughness of the machined 
surface. Sandip et. al [39] studied the effect of MQL mist spray cooling on drilling of Ti-6Al-4V titanium alloy using 
ester oil as cutting fluid. They indicated that the MQL cooling condition has improved the flank wear better than wet 
machining condition. In addition, an improvement of 66% on tool life has also been recorded during the investigation. 
Few intellectuals [40] pointed out that the application of nanofluid MQL could also help to improve the work quality 
of the drilling process. Carbon nano tube (CNT) nanoparticles was added into the vegetable based oil to be used during 
drilling of AISI 1045 carbon steel. Reduction of thrust force and torque could be showed when nanofluid MQL was 
utilized. Hence, machining power consumption also has been reduced which leads to sustainable drilling environment. 
Jung et. al [41] analyzed the development of nano-diamond particles that acts as the nanofluid into the paraffin oil and 
vegetable oil. They reported that the magnitudes of drilling torques and thrust force has significantly reduced due to the 
application of MQL nanofluids. Besides, they also differentiated the concentration of the nano-diamond particles into the 
two types of lubricant oil. As a result, the reduction of thrust force and torque performed more effective with 1 vol% of 
nano-diamond particles in paraffin oil while for vegetable oil cases, the result was recorded better with 2 vol% of nano-
diamond particles. Last but not least, due to the enhanced lubrication and reduced chip adhesion by the MQL nanofluid 
technique, the remaining chips inside the drilled holes and burrs formation around the workpiece surface has been 
eliminated. Therefore, the quality of the drilled holes has been enhanced. 
Sukhpal et. al [42] machined the aluminium 6063 alloy using the nanofluid MQL technique by added nano aluminium 
oxide (Al2O3) into the refined soya bean oil. They observed that nanofluid MQL using nano particles exhibited better 
results compared to conventional flood cooling, dry and pure MQL environment in terms of machining force, surface 
roughness and tool wear. In this investigation, they have found out that the thrust forces and drilling torques have been 
reduced in both pure MQL and nanofluid MQL condition. However, it is resulted that nanofluid MQL environment is 
much more effective because the presence of Al2O3 nanoparticles has produced a thin protective layer between the tool-
workpiece interfaces which leads to improve the machining performance by reducing the thrust force. Other than that, 
the lowest surface roughness of 0.84 µm with a higher tool life also has been achieved in nanofluid MQL condition. 
During the drilling operation, burrs and chips formation has been eliminated effectively as the nanoparticles helped to 
prevent chips from being welded to the drill tool.  
Previous work conducted by Rosnan et. al [43] found that implementation of MQL nanofluid with coated carbide 
drills has outperformed the tool life progression compared with uncoated carbide drills. In this study, an improvement of 
88% in tool life has been obtained by the TiAlN coated tungsten carbide better than uncoated drills in MQL nanofluid 
condition. Apart from that, the polishing or rolling effects of the nanoparticles between two contact surface has been aided 
by the presence of nanoparticles in the base lubricant oils. Therefore, the coefficient friction between the cutting tool and 
the workpiece has been deducted which leads to improvement of the surface quality of the machined area.   
MQL IN GRINDING PROCESS 
Basically, greater heat generation in grinding zone causes the penetration ability of cutting fluids into the cutting zone 
becomes fewer and thus gives effects on poor machining performance. Therefore, Tawakoli et. al [40] has presented the 
ability of MQL in increasing wheel life and improving the good surface quality of the ground parts in grinding machining. 
This can be explained by the efficiency of the lubrication and cooling effects of the abrasive grains around the grinding 
wheel which allows a better slipping of the chips at the tool surface. Hence, better surface finish of the workpiece can be 
achieved. Moreover, slipping of the grain at the workpiece-tool interface has been enhanced due to the presence of the 
MQL lubricant oil that reduced the tangential grinding forces. Rabiei et. al [41] also investigated the competency of 
lubricant oil to be penetrated into the cutting zone with MQL method in the grinding process. They concluded that a better 
cutting conditions has been performed with lower friction coefficient due to the adequate amount of lubricant oil being 
supplied onto the contact zone with high pressure. Lower power consumption in grinding also has been achieved as well 
as lower surface roughness compared to flood cooling method. 
Due to immense power requirements and high temperatures during the operation, abrasive material removal methods 
can be very challenging. Thus, Barczak et. al [42] implemented MQL lubricating and cooling method to ensure the 
temperature levels do not exceeded. They found out that low friction conditions under MQL environment has influenced 
the reduction in cutting temperatures during grinding process and hence a reasonable specific material removal rate has 
been obtained. In addition, the surface quality of the workpiece has been improved under MQL environment. On the other 
hand, Mohsen et. al [43] conducted a test on different types of natural biodegradable oil classified as mineral oil, 
hydrocracked oil, synthetic oil and vegetable palm kernel oil to observe the effect on the specific energy and surface 
finish of the workpiece. Through the medium of grinding operation of Al2O3 ceramics, they have revealed that specific 
energy has been lowered with the application of synthetic oil. Meanwhile, better surface finish quality of workpiece has 
been shown with hydrocracked based oil. To conclude, synthetic oil and hydrocracked oil were analyzed as the best 
performance of MQL cutting fluid due to the high thermal stability of the oils. 
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There is a huge scope of studying the lubricant oil behavior effects by varying the MQL nozzle distance from the 
cutting zone, as being reported by Hadad [44]. The critical issue on the distance of MQL oil mist has been discussed to 
enhance the oil mist penetration into the contact zone. In this scope, his work has shows that the lubrication effects 
decreased with decreasing MQL nozzle distance. Besides that, too small of oil droplets size were not beneficial in 
producing better lubrication effects because smaller size of oil droplets tends to evaporate faster than the larger size of oil 
droplets. MQL is also proven in minimized the environmental impacts by significantly lessening fluid usage and get rid 
of the need for coolant treatment and disposal, as being proven by the work of Esmaeili et. al  [45]. Therefore, they found 
out that overall manufacturing production costs could been reduced with MQL implementation.  
Xianpeng et. al [46] investigated the lubricating properties of nanofluid particles to evaluate the effects on machining 
performance of Inconel 718 alloy under grinding process. In this investigation, different particles sizes of Al2O3 and SiC 
were mixed at the concentration of 2% volume with vegetable based oil. They concluded that surface roughness of the 
workpiece was greatly affected by the size of Al2O3 as better result of surface roughness could be achieved with smaller 
sizes of the nanoparticles. Other than that, the best grinding effect also could be performed when Al2O3 mixed with SiC 
in the ratio of 30:70. A similar finding has also been reported by Yanbin et. al [47] where they used molybdenum 
disulphide (MoS2), carbon nanotubes (CNTs) nanofluid MQL technique in grinding operation and it resulted that the 
surface roughness of the workpiece has been decreased as mass fraction of nanoparticles decreased. This phenomenon 
has occurred due to the viscosity effects of the nanofluid particles.  
Previous work by Wang et. al [48] has successfully implemented the MQL lubricating method by the addition of few 
types nanoparticles into the palm oil. By grinding nickel alloy GH4169, the grinding force has been reduced in the 
application of nanofluid MQL and hence enhanced the surface finish of the workpiece better compared to pure lubricant 
oil. Ming et. al [49] has analyzed the influence of graphene (GnP) nanoparticles in the performance of grinding force and 
the surface roughness of TC4 titanium alloy. They found out that the grinding force and grinding temperature has been 
minimized with the concentration of GnP is 0.1 wt%. This can be explained because moderate amount of GnP helps to 
strengthen the cooling performances of the formed oil films on the contact area that leads to reduction of grinding heat. 
Other than that, grinding burn and large groove during the machining also has been decreased and better surface finish of 
the workpiece has been obtained.  
 
CONCLUSION 
In summary, minimum quantity lubrication (MQL) have shown a great performance in various machining operations 
involving milling, turning, drilling and grinding for various type of materials. A bunch of researchers have reported to 
show a noticeable improvement in performance with MQL machining compared to conventional flood cooling and dry 
machining method. This technology has contributed to enhance the machinability characteristics by improving the surface 
quality of workpiece, providing a higher quality of tool life as well as reducing the cutting temperature. Besides, the use 
of non-biodegradable oils as the MQL lubricant make this technique is an environmentally friendly machining process. 
Hence, because of the considerable economic benefits and also it has been shown to result in better machinability 
characteristics, it can be concluded that MQL is proven as a great replacement for conventional cooling systems in the 
future machining operations. However, the behaviour of MQL lubricant oil to prove the performance of the MQL 
machining process is highly important to be observed. Among the main factors that affects the performance of MQL 
machining process, lubricant oil droplets is the most important to be properly studied since the amount being applied is 
very little compared to flood cooling. This matter can be clarified if the behaviour of MQL lubricant oil during the 
machining process is properly observed. To date, this study is still scarce due to the reason that the natural flow of the 
lubricant oil cannot be distrupted during the machining operation. Therefore, the authors recommended further 
investigation is needed to purely study the behaviour of MQL lubricant oil so the effects of MQL system parameter on 
the machining performance can be clarified in details through the observation on the MQL lubricant behaviour. 
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